Abstract Stellar evolution calculations were carried out from the main sequence to the final stage of the asymptotic giant branch for stars with initial masses 1M ⊙ ≤ M ZAMS ≤ 2M ⊙ and metallicity Z = 0.01. Selected models of evolutionary sequences were used as initial conditions for solution of the equations of radiation hydrodynamics and time-dependent convection describing radial stellar pulsations. The study was aimed to construct the hydrodynamic models of Mira-type stars that show the secular decrease in the pulsation period Π commenced in 1970-th at Π = 315 day. We show that such a condition for the period change is satisfied with evolutionary sequences 1M ⊙ ≤ M ZAMS ≤ 1.2M ⊙ and the best agreement with observations is obtained for M ZAMS = 1.2M ⊙ . The pulsation period reduction is due to both the stellar radius decrease during the thermal pulse of the helium burning shell and mode switch from the fundamental mode to the first overtone. Theoretical estimates of the fundament parameters of the star at the onset of pulsation period reduction are as follows: the mass is M = 0.93M ⊙ , the luminosity is L = 4080L ⊙ , and the radius is R = 220R ⊙ . The mode switch occurs 35 years after the onset of period reduction.
Fadeyev 2016, 2017).
In understanding the nature of Miras there are still uncertainties so that results of evolutionary computations should be corroborated by tests based on observations of selected variable stars of this type. One of such tests is based on the stellar pulsation theory and allows us to determine the fundamental parameters of the star (the mass M and the radius R) using the observational estimates of the pulsation period Π and the rate of period changeΠ. Efficiency of such an approach was demonstarted in analysis of cepheid pulsations for α UMi (Fadeyev 2015a ) and SZ Tau (Fadeyev 2015b ). Unfortunately, observational estimates of Π andΠ are insufficient in the case of Miras because on the HRD the region of AGB is populated by stars with various initial masses (1M ⊙ ≤ M ZAMS ≤ 7M ⊙ ) and the pulsation period of each AGB star changes in the wide range due to both thermal pulses and monotonious decrease of the stellar mass because of the strong stellar wind.
The mira-type star T UMi is a rare exception which allows us to obtain an another relationship between observational properties of the star and its evolutionary status. This red giant of spectral type M5.5e (Keenan 1966 ) was pulsating with period Π ≈ 315 day before 1970s but later the period commenced its rapid shortening (Gál, Szatmáry 1995) In our previous work (Fadeyev 2017) , we investigated hydrodynamic models of stars with initial masses 2M ⊙ ≤ M ZAMS ≤ 5M ⊙ on the stage of thermal instability of the helium burning shell (TP-AGB). In particular, it was shown that reduction of the pulsation period in T UMi cannot be explained by models with initial mass M ZAMS > 2M ⊙ . The aim of this study is to construct a model of the Mira-type star T UMi using the detailed grid of evolutionary sequences with intial masses ranging within 1M ⊙ ≤ M ZAMS ≤ 2M ⊙ . Similar to our previous works the selected models of evolutionary sequences are used as initial conditions in solution of the Cauchy problem for equations of radiation hydrodynamics and time-dependent convection describing radial stellar oscillations. Methods of the solution are discussed in our earlier papers (Fadeyev 2016; 2017 ).
Evolutionary sequences of TP-AGB stars
Stellar evolution calculations were carried out from the zero-age main sequence (ZAMS) to the final TP-AGB stage when the star leaves the region of red giants on the HRD. Initial relative mass abundances of hydrogen and the elements heavier than helium were assumed to be X = 0.7 and Z = 0.01. The ratio of the mixing length to the pressure scale height is α MLT = 1.8. Evolutionary computations were done with the MESA code version 9575 (Paxton et al., 2011; 2013; 2015) . Details of program usage for AGB stellar evolution computation and the choise of basic parameters are discussed in our previous papers (Fadeyev 2016; 2017) .
Effects of convective overshooting were taken into account according to Herwig (2000) for the parameter f ov = 0.014. The smaller value of f ov in comparison with our earlier calculations is due to both the smaller initial masses M ZAMS and the existence of dependence between the overshooting parameter and the stellar mass (Claret, Torres 2017). It should be noted that both the number of thermal pulses and the TP-AGB lifetime depend on the mass loss rate relation. In the present study we assumed that the mass loss rate is given by relation of Blöcker (1995):
-is the Reimers (1975) formula, and the parameters are η R = 0.5 and η B = 0.05. Fig. 2 shows the temporal dependences of the stellar radius R and the luminosity of the helium burning shell L He in the vicinity of the fourth thermal pulse peak. For the sake of convenience the evolutionary time t ev is set to zero at maximum of L He . As clearly seen in 
nonlinear stellar pulsations
As can be clearly seen in Figs. 3 and 4 , the stellar radius R ⋆ at the maximum of L He increases each thermal pulse. The only exception is the third thermal pulse of the evolutionary sequence M ZAMS = 2M ⊙ when the condition of monotonic increase of R ⋆ is not fulfilled. Results of our computations show that the only exception in monotonic increase of R ⋆ as a function of the thermal pulse index i TP occurs almost in each evolutionary sequence. In particular, the condition of monotonic increase is not fulfilled for
Bearing in mind these rare exceptions we try to find the hydrodynamic model with pulsation period Π = 315 day assuming that R ⋆ monotonically increases with i TP .
The evolutionary time t ev of the TP-AGB star is sensitive to the initial mass M ZAMS therefore to compare the evolutionary sequences it is preferable to use the index of the thermal pulse i TP as an independent variable. The period-thermal pulse diagram for evolutionary The ratio of the mean radius of the photosphere to the initial stellar radius ranges within 1.03 ≤ R ph /R ≤ 1.1 due to nonlinearity of stellar pulsations. In the last three columns we
give the pulsation period Π, the pulsation constant Q and the order of the pulsation mode k.
It should be noted that Q was calculated from the period-mean density relation with the mean radius of the photosphere R ph . Fig. 7 shows the bolometric light and the surface velocity curves for two hydrodynamic models of the evolutionary sequence M ZAMS = 1.2M ⊙ . The first of these models corresponds to the onset of period reduction (t ev = 0), whereas the second one corresponds to t ev = 40 yr when the star became the first overtone pulsator. The second model is by 0.08 mag fainter in comparison with the first model. Smaller amplitude of the light curve is due to mode switch from the fundamental mode to the first overtone.
conclusions
Presented above results of stellar evolution and stellar pulsation calculations for red giants with initial measses from 1 to 2M ⊙ extend the grid of evolutinary and pulsational models for references Table 1 : Basic parameters of the model of T UMi on the stage of stellar radius decrease Fig. 7 . The bolometric light curve ∆M bol (a) and the surface gas flow velocity U (b) of the Mira-type star T UMi model at the onset of the period reduction t ev = 0 (solid lines) and after mode switch from the fundamental mode to the first overtone in t ev = 40 yr (dashed lines).
